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(54) POSITIVE ELECTRODE AND NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode having 
improved cycle characteristics under the condition of charging by a 
high voltage and a large current. 

SOLUTION: The feature is that this positive electrode is provided 
with a composite particle 1 4 containing an active materia! particle 
152, a conductive material 162, and a resin 172, a positive 

electrode layer 13 containing an active material particle 151, and a .r> 
collector 1 2 by which the positive electrode 1 3 are carried. ''^ 
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* NOTICES * ^ 

JPO and NCZPI are not responsible £or any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The positive electrode characterized by providing the positive-electrode layer containing the 
composite particle and active material particle containing an active material particle, electric conduction 
material, and resin, and the charge collector with which said positive-electrode layer is supported. 
[Claim 2] The positive electrode according to claim 1 characterized by the particle-size ratios computed by B/A 
being 3-30 when mean particle diameter of said active material particle is set to A and mean particle diameter of 
said composite particle is set to B. 

[Claim 3] Said positive-electrode layer is a positive electrode according to claim 1 characterized by being in 
within the limits whose 50% pore diameter equivalent to 50% of accumulation value in the accumulation pore 
diameter distribution searched for by the method of mercury penetration is 0.2-1.5 micrometers. 
[Claim 4] Said composite particle is a positive electrode claim 1 characterized by combining said active 
material particle and said electric conduction material with said resin - given in 3 any 1 terms. 
[Claim 5] It is the nonaqueous electrolyte rechargeable battery characterized by having the charge collector with 
which the positive-electrode layer containing the composite particle and active material particle to which said 
positive electrode contains an active material particle, electric conduction material, and resin in the nonaqueous 
electrolyte rechargeable battery possessing a positive electrode, a negative electrode, and nonaqueous 
electrolyte, and said positive-electrode layer are supported. 

[Claim 6] It is the nonaqueous electrolyte rechargeable battery characterized by having the charge collector with 
which the positive-electrode layer containing the composite particle and active material particle to which said 
positive electrode contains an active material particle, electric conduction material, and resin in the nonaqueous 
electrolyte rechargeable battery possessing the electrode group which the separator was made to intervene and 
wound the positive electrode and the negative electrode spirally, and the nonaqueous electrolyte held at said 
electrode group, and said positive-electrode layer are supported. 

[Claim 7] The nonaqueous electrolyte rechargeable battery according to claim 5 or 6 characterized by the 
particle-size ratios computed by B/A being 3-30 when mean particle diameter of said active material particle is 
set to A and mean particle diameter of said composite particle is set to B. 

[Claim 8] Said positive-electrode layer is a nonaqueous electrolyte rechargeable battery according to claim 5 or 
6 characterized by being in within the limits whose 50% pore diameter equivalent to 50% of accumulation value 
in the accumulation pore diameter distribution searched for by the method of mercury penetration is 0.2-1.5 
micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte rechargeable battery equipped with 

a positive electrode and this positive electrode. 

[0002] 

[Description of the Prior Art] In recent years, high-performance-izing of electronic equipment, a 
miniaturization, and portable-ization progress by advance of an electronic technique, and the demand of the 
formation of a high energy consistency of the cell used for these portable electronic devices has become strong. 
Conventionally, although the nickel cadmium battery, the lead cell, etc. were in use, by these cells, the 
rechargeable battery used for these electronic equipment had low discharge potential, and was not fully able to 
meet the demand of the formation of a high energy consistency. 

[0003] Research of the rechargeable lithium-ion battery equipped with the negative electrode which contains the 
matter in which a dope and a dedope are possible for a lithium ion like recently, for example, a carbon material, 
a positive electrode, and nonaqueous electrolyte is activating. It has the advantage that this rechargeable battery 
has a slow advance of self-discharge, and does not have a memory effect. Moreover, if a lithium content 
multiple oxide with an oxidation reduction potential high as an active material of said positive electrode is used, 
since cell voltage will become high, it also has the advantage that the cell of a high energy consistency is 
realizable. 

[0004] by the way ~ a JP,9-219190,A public presentation official report - a lithium content multiple oxide or a 
carbon material, and fluorine system binder resin — the inside of the solvent for the binder resin dissolution — 
mixing — a positive electrode — a mixture — a slurry or a negative electrode — a mixture ~ a slurry ~ preparing 
— the slurry — spray dry desiccation — carrying out — a spherical positive electrode ~ a mixture ~ fine particles 
or a negative electrode ~ a mixture — it considers as fine particles and obtaining a positive electrode or a 
negative electrode is indicated by fabricating the fine particles. 

[0005] however, said positive electrode — a mixture ~ since the positive electrode which made the charge 
collector support the positive-electrode layer which consists of fine particles has the low touch area of a 
positive-electrode layer and a charge collector, its adhesion of a positive-electrode layer and a charge collector 
is low, and it runs short of the touch areas of the nonaqueous electrolyte and positive active material like 
nonaqueous electrolyte moreover, and is further inferior to electronic conduction nature. Therefore, in the 
charge-and-discharge cycle to which the nonaqueous electrolyte rechargeable battery equipped with this 
positive electrode charges by the high voltage and the high current, a longevity life is no longer obtained. 
[0006] Producing a positive electrode or a negative electrode and being formed from the resin which said 
protective coat does not dissolve in the both sides of the non-aqueous solvent of nonaqueous electrolyte and the 
solvent for the binder resin dissolution are indicated from the slurry which, on the other hand, mixes the fine 
particles of the lithium content multiple oxide covered with the protective coat or the fine particles of a carbon 
material, and a fluororesin binder in the solvent for the binder resin dissolution in a JP,9-219188,A public 
presentation official report, and is obtained, 

[0007] However, if the front face of the lithium content multiple oxide which is positive active material is 
covered with a protective coat, since the direct contact to the non-aqueous solvent of the electrolytic solution 
and an active material will be barred, even if the protective coat has lithium ion conductivity, the reaction rate 
of an active material falls and a longevity life is no longer obtained in the charge-and-discharge cycle which is a 
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high voltage and charges by the high current. 
[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the positive electrode and 
nonaqueous electrolyte rechargeable battery with which the high voltage and the cycle property under high 
current charge conditions have been improved. 
[0009] 

[Means for Solving the Problem] The positive electrode concerning this invention is characterized by providing 
the positive-electrode layer containing the composite particle and active material particle containing an active 
material particle, electric conduction material, and resin, and the charge collector with which said positive- 
electrode layer is supported. 

[0010] In the nonaqueous electrolyte rechargeable battery with which the nonaqueous electrolyte rechargeable 
battery concerning this invention possesses a positive electrode, a negative electrode, and nonaqueous 
electrolyte, said positive electrode is characterized by having a positive-electrode layer containing the 
composite particle and active material particle containing an active material particle, electric conduction 
material, and resin, and the charge collector with which said positive-electrode layer is supported. 
[0011] In the nonaqueous electrolyte rechargeable battery possessing the nonaqueous electrolyte by which the 
nonaqueous electrolyte rechargeable battery concerning this invention is held in a positive electrode and a 
negative electrode at the electrode group which the separator was made to intervene and wound it spirally, and 
said electrode group, said positive electrode is characterized by having a positive-electrode layer containing the 
composite particle and active material particle containing an active material particle, electric conduction 
material, and resin, and the charge collector with which said positive-electrode layer is supported. 
[0012] 

[Embodiment of the Invention] The nonaqueous electrolyte rechargeable battery concerning this invention 
possesses a sheathing material, the positive electrode contained in said sheathing material, the negative 
electrode contained in said sheathing material, and the nonaqueous electrolyte contained in said sheathing 
material. Said positive electrode possesses the positive-electrode layer containing the composite particle and 
active material particle containing an active material particle, electric conduction material, and resin, and the 
charge collector with which said positive-electrode layer is supported. 

[0013] Hereafter, a positive electrode, a negative electrode, nonaqueous electrolyte, and a separator are 
explained. 

[0014] 1) **** ~ this composite particle distributes an active material particle and electric conduction material 
in the solution of resin, and is obtained by performing a granulation by spray dry from the obtained dispersion 
liquid (slurry). 

[0015] Said spray dry can be carried out using a spray dryer like for example, a disk type spray dryer, a parallel- 
current-flow mold pressure nozzle type spray dryer, a concurrent mold pressure nozzle type spray dryer, or a 
counterflow mold pressure nozzle type spray dryer etc. 

[0016] The resin which does not dissolve in the non-aqueous solvent contained in the nonaqueous electrolyte 
which has and mentions later the function to make said active material particle and said electric conduction 
material bind can be used for said resin. As this resin, polytetrafluoroethylene (PTFE), polyethylene (PE), 
polyvinyl alcohol (PVA), styrene butadiene rubber (SBR), polyvinylidene fluoride (PVdF), etc. can be 
mentioned, for example. Especially, PTFE is desirable. Moreover, as for said resin, it is more desirable to have 
the function to make a composite particle and a charge collector bind. 

[0017] In addition, when using polyvinylidene fluoride (PVdF) as said resin, it is desirable by heat-treating to a 
composite particle to make it not dissolve in the organic solvent contained in the positive-electrode slurry which 
said resin is made to crystallize or fibrose and mentions it later, 

[0018] As for the content of said resin in said dispersion liquid, it is desirable to make it 0.05 - 10% of the 
weight of within the limits. This is based on the following reasons. If the content of said resin is ****ed to less 
than 0.05% of the weight, the firmness of a composite particle will fall and a composite particle will become 
easy to lose one's shape. On the other hand, when the content of said resin exceeds 10 % of the weight, there is 
a possibility that the whole front face of a composite particle may be covered with resin. The more desirable 
range of a resin content is 0.1 - 5 % of the weight. 

[0019] As said active material particle, a lithium content multiple oxide particle can be used, for example. 
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Especially as a lithium content multiple oxide, what a presentation is expressed with LixM02 (however, said M 
is transition metals and a mole ratio x shows 0.05<=x<=l.l) to is desirable. What uses one or more sorts chosen 
from the group which consists of Co, nickel, and Mn as said M also in the lithium content multiple oxide 
expressed with said empirical formula is desirable. Moreover, LixMn 204 and LixMn02 are included by the 
lithium content multiple oxide said whose M is Mn. 

[0020] The configuration of said active material particle can be made into the shape for example, of a ball. 
[0021] As for the class of active material particle in which the active material particle contained in said 
composite particle and said composite particle exist independently, it is possible to also make it the same and to 
also make it differ. 

[0022] As said electric conduction material, carbon black, graphite, etc. can be mentioned, for example. The 
configuration of said electric conduction material can be made the shape of a globular shape, fibrous, a grain, 
and a scale, and tabular. 

[0023] When mean particle diameter of said active material particle is set to A and mean particle diameter of 
said composite particle is set to B, it is desirable to carry out the particle-size ratio computed by B/A within the 
limits of 3-30. This is based on the following reasons. If said particle-size ratio is made less than into three, 
since it will become difficult to make high the osmosis rate of the liquefied nonaqueous electrolyte of a positive 
electrode, maintaining high density, there is a possibility that it may become impossible to fully raise the 
charge-and-discharge cycle life under the high voltage and the conditions in a high current. On the other hand, 
since there is a possibility of causing the fall of the adhesion of a positive-electrode layer and a charge collector, 
the fall of the electronic conduction nature of a positive electrode, or the fall of the touch area of an active 
material particle and nonaqueous electrolyte when said particle-size ratio exceeds 30, there is a possibility that it 
may become impossible to fully raise the charge-and-discharge cycle life under the high voltage and the 
conditions in a high current. The more desirable range of a particle-size ratio is 10-20. 
[0024] As for the mean particle diameter A of said composite particle, it is desirable to carry out within the 
limits of 10-500 micrometers. The more desirable range is 20-200 micrometers. 
[0025] The configuration of said composite particle can be made a globular shape, massive, etc. 
[0026] As for said positive-electrode layer, it is desirable that it is in within the limits whose 50% pore diameter 
equivalent to 50% of accumulation value in the accumulation pore diameter distribution searched for by the 
method of mercury penetration is 0.2-1.5 micrometers. This is based on the following reasons. When a pore 
diameter is set to less than 0.2 micrometers said 50%, there is a possibility that it may become impossible for 
the impregnating ability of the liquefied nonaqueous electrolyte of a positive electrode to fall, and to fully raise 
the charge-and-discharge cycle life under the high voltage and the conditions in a high current. On the otfier 
hand, if a pore diameter exceeds 1.5 micrometers said 50%, since it will become difficult to obtain a high 
positive-electrode consistency, there is a possibility that cell capacity may fall. The more desirable range of said 
50% pore diameter is 0.3-0.7. 

[0027] said positive electrode — for example, the thing for which said composite particle, said active material 
particle, electric conduction material, and binder resin are mixed in the solvent for the binder resin dissolution — 
a positive electrode — a mixture — or it prepares a slurry, it applies said slurry to a charge collector and it is 
produced by drying — or said positive electrode — a mixture ~ a slurry is poured into a flat tip bat etc. and it is 
produced by carrying out disintegration by hot air drying, and carrying out press molding of the obtained 
powder at a pellet type. The positive electrode of a pellet type can be used as a positive electrode of a coin mold 
nonaqueous electrolyte rechargeable battery. 

[0028] said positive electrode — a mixture ~ as for the rate of the composite particle occupied to the whole solid 
content in a slurry, it is desirable to make it 5 - 80% of the weight of within the limits. This is based on the 
.following reasons, the hole which will serve as an invasion path of liquefied nonaqueous electrolyte if the rate 
of said composite particle is carried out to less than 5% of the weight — there is a possibility that structure may 
be buried and the permeability of the liquefied nonaqueous electrolyte of a positive electrode may fall. On the 
other hand, when the rate of said composite particle exceeds 80 % of the weight, there is a possibility that the 
binding property of a positive-electrode layer and a charge collector or the reaction rate of a lithium ion and an 
active material may fall. The more desirable range of the rate of said composite particle is 20 - 60 % of the 
weight. 

[0029] Carbon black, graphite, etc. can be used for said electric conduction material. The configuration of said 
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electric conduction material can be made the shape of a globular shape, fibrous, a grain, and a scale, and tabular. 
In addition, even if it makes into the same class the electric conduction material contained in said composite 
particle, and said composite particle, they can also make a different class the electric conduction material which 
exists independently. 

[0030] the ** which is not decomposed into said binder resin at the time of charge - stable - and a positive 
electrode a mixture — what is dissolved in the solvent contained in a slurry can be used. As such binder resin, 
fluorine system binder resin is desirable. As this fluorine system binder resin, Pori 5 Pori 6 fluoride 
[ polyvinylidene fluoride (PVdF) and propylene ], Pori 3 fluoride-sal t-ized ethylene, and propylenes fluoride, 
these copolymers, etc. can be mentioned, for example. Especially, polyvinylidene fluoride (PVdF) is desirable. 
[0031] said positive electrode — a mixture ~ as for the amount of said binder resin occupied to the solid content 
of a slurry, it is desirable to make it 0.5 % of the weight - 7% of the weight of within the limits. This is based on 
the following reasons. When said amount of binder resin is carried out to less than 0.5% of the weight, there is a 
possibility that the moldability of a positive electrode or the adhesion of a positive-electrode layer and a charge 
collector may fall. On the other hand, when said amount of binder resin exceeds 7 % of the weight, while there 
is a possibility that the amount of positive active material may fall relatively, we are anxious about the hole 
structure on the front face of a positive electrode being buried, and the permeability of liquefied nonaqueous 
electrolyte being checked. The more desirable range of said amount of binder resin is 1 - 5 % of the weight, and 
the still more desirable range is 2 - 4 % of the weight. 

[0032] As said solvent for the binder resin dissolution, dimethylformamide, dimethylacetamide, a methyl 
formamide, a tetrahydro furan, N-methyl pyrrolidone, etc. can be used, for example. When PVdF is especially 
used as binder resin, it is desirable to use N-methyl pyrrolidone. 

[0033] As said charge collector, a conductive porosity substrate or a nonporous conductive substrate can be 
used. Said charge collector can be formed from aluminum, nickel, etc. It is desirable to use a conductive 
substrate nonporous as a charge collector especially. 

[0034] 2) **** ~ it is desirable to use the carbon material in which a dope and a dedope of a lithium ion are 
possible for the negative-electrode active material contained in this negative electrode. As such a carbon 
material, pyrolytic carbon, corks, artificial graphites, natural graphites, glassy carbon, an organic high- 
molecular-compound baking object, a carbon fiber, activated carbon, etc. can be mentioned, for example. 
[0035] Especially, the scale-like graphites (graphite) from which the crystal structure developed can come to 
hand comparatively easily, and since crystallinity is high compared with a low crystallinity carbon material, true 
density is high [ a kind ]. Therefore, since the negative electrode containing the negative-electrode active 
material containing scale-like graphite can make active material pack density high, it can improve the energy 
density of a rechargeable battery. 

[0036] this negative electrode mixes for example, a negative-electrode active material, binder resin, and the 
solvent for the binder resin dissolution — a negative electrode — a mixture — or it prepares a slurry, it applies 
said slurry to a charge collector and it is produced by drying - or said negative electrode - a mixture - a slurry 
is poured into a flat tip bat etc. and it is produced by carrying out disintegration by hot air drying, and carrying 
out press molding of the obtained powder at a pellet type. The negative electrode of a pellet type can be used as 
a negative electrode of a coin mold nonaqueous electrolyte rechargeable battery. 

[0037] In case an organic solvent which was explained with the positive electrode mentioned above as said 
solvent for the binder resin dissolution is used, the positive electrode mentioned above having explained and the 
same thing can be used for said binder resin. On the other hand, in case water is used as said solvent for the 
binder resin dissolution, for example, an SBR emulsion, a carboxymethyl cellulose (CMC), etc. can be used for 
said binder resin. CMC — a negative electrode — a mixture — it can be used as a thickener which raises the 
viscosity of a slurry. In case water is especially used as said solvent, it is desirable to use CMC as a thickener, 
using an SBR emulsion as binder resin. 

[0038] As said charge collector, a conductive porosity substrate or a nonporous conductive substrate can be 
used. Said charge collector can be formed from copper, nickel, etc. It is desirable to use a conductive substrate 
nonporous as a charge collector especially. 

[0039] 3) The nonaqueous electrolyte layer which is produced through the process which infiltrates into an 
electrode group the liquefied nonaqueous electrolyte (nonaqueous electrolyte) which makes a subject the non- 
aqueous solvent in which the electrolyte was dissolved, and this liquefied nonaqueous electrolyte, and is 
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arranged between said positive electrodes and said negative electrodes, and contains a non-aqueous solvent and 
an electrolyte can be used for the nonaqueous electrolyte of************. 

[0040] The electrode group containing said nonaqueous electrolyte layer is produced by the approach explained 
below. First, it is made to dry after forming the paste prepared by mixing a polymer, a non-aqueous solvent, and 
lithium salt. The obtained nonaqueous electrolyte layer precursor is made to intervene between a positive 
electrode and a negative electrode, and an electrode group is produced. After infiltrating said liquefied 
nonaqueous electrolyte into this electrode group, said nonaqueous electrolyte layer is obtained by making said 
precursor plasticize under reduced pressure. 

[0041] As for said polymer, it is desirable to have thermoplasticity. As this polymer, at least one kind chosen 
from polyvinylidene fluoride (PVdF), a polyacrylonitrile (PAN), polyethylene oxide (PEO), a polyvinyl 
chloride (PVC), polyacrylate (PMMA), and poly vinylidene fluoride hexafluoropropylene (PVdF-HFP) can be 
used, for example. 

[0042] As said non-aqueous solvent, the annular carbonate which are high dielectric constant solvents, such as 
ethylene carbonate, propylene carbonate, a carbonic acid butylene, and gamma-butyrolactone, a hypoviscosity 
solvent like 1, 2-dimethoxyethane, 2-methyl tetrahydro furan, dimethyl carbonate, methylethyl carbonate, and 
diethyl carbonate, etc. can be mentioned, for example. Especially, the mixed solvent of ethylene carbonate and 
methylethyl carbonate can be used preferably. Moreover, since bulging of the sheathing material at the time of 
elevated-temperature storage can be controlled when using the sheet which contains a resin layer as a sheathing 
material, the non-aqueous solvent containing gamma-butyrolactone is desirable. 

[0043] As said electrolyte, LiC104, LiAsF6, LiPF6, LiBF4, LiC14, LiBr, CH3S03Li, CF3S03Li, etc. can be 
mentioned, for example. 

[0044] In case said liquefied nonaqueous electrolyte is used, a separator can be arranged between said positive 
electrodes and said negative electrodes. 

[0045] Said separator can be formed from a porosity sheet. As said porosity sheet, a porosity film or a 
nonwoven fabric can be used, for example. As for said porosity sheet, it is desirable to consist of at least one 
kind of ingredient chosen from polyolefine and a cellulose. As said polyolefine, polyethylene and 
polypropylene can be mentioned, for example. Since the porosity film which consists of polyethylene, 
polypropylene, or both especially can improve the safety of a rechargeable battery, it is desirable. 
[0046] 4) The sheathing-material aforementioned sheathing material can be formed from the sheet containing 
for example, a resin layer, or a metal can. 

[0047] The resin layer contained in said sheet can be formed from polyethylene, polypropylene, etc. It is 
desirable to use the sheet with which the metal layer and the protective layer arranged to both sides of said 
metal layer were unified as said sheet. Said metal layer makes the role which intercepts moisture. Said metal 
layer can mention aluminum, stainless steel, iron, copper, nickel, etc. Aluminum with the function it is 
lightweight and high especially, which intercepts moisture is desirable. Although said metal layer may be 
formed from one kind of metal, it may be formed from the thing which made two or more kinds of metal layers 
unify. The protective layer which touches the exterior between said two protective layers makes the role which 
prevents damage on said metal layer. This external protective layer is formed from one kind of resin layer, or 
two or more kinds of resin layers. On the other hand, an internal protective layer bears the role which prevents 
that said metal layer is corroded by nonaqueous electrolyte. This internal protective layer is formed from one 
kind of resin layer, or two or more kinds of resin layers. Moreover, thermoplastics can be arranged on the front 
face (inside of a sheet) of this internal protective layer. 

[0048] Said metal can can be formed from iron, stainless steel, and aluminum. 

[0049] The cylindrical shape nonaqueous electrolyte rechargeable battery which is an example of the 
nonaqueous electrolyte rechargeable battery concerning this invention is shown in drawing 1 and drawing 2 . 
[0050] For example, as for the container 1 of the shape of a closed-end cylinder which consists of stainless 
steel, the insulator 2 is arranged at the pars basilaris ossis occipitalis. The electrode group 3 is contained in said 
container 1. Said electrode group 3 has structure which wound around the curled form the band-like object 
which carried out the laminating of a positive electrode 4, a separator 5, and the negative electrode 6 in this 
sequence. 

[0051] Liquefied nonaqueous electrolyte (nonaqueous electrolyte) is held in said container 1. Caulking 
inrmiobilization of the positive-electrode terminal 9 of the hat configuration arranged at the relief valve 8 
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arranged on the PTC component 7 by which opening of the hole was earned out to the center section, and said 
PTC component 7, and said relief valve 8 is carried out through the insulating gasket 10 at up opening of said 
container 1. In addition, the insurance device used as a gas drainage hole (not shown) is included in said 
positive-electrode terminal 9. The end of the positive-electrode lead 11 is connected to said positive electrode 4, 
and the other end is connected to said PTC component 7, respectively. Said negative electrode 6 is connected to 
said container 1 which is a negative-electrode terminal through the negative-electrode lead which is not 
illustrated. 

[0052] Said positive electrode 4 consists of a charge collector 12 which consists of a conductive substrate, and a 
positive-electrode layer 13 supported by said charge collector 12, as shown in drawing 2 . Said positive- 
electrode layer 13 contains the spherical composite particle 14, the active material particle 151, the particle-like 
electric conduction material 161, and binder resin 171. Said binder resin 171 mainly exists in the boundary 
between said composite particle 14, said active material particle 151, and one particle of the electric conduction 
material 161 of the shape of said particle. As for said composite particle 14, the active material particle 152 and 
the particle-like electric conduction material 162 were unified with resin 172. 

[0053] The nonaqueous electrolyte rechargeable battery concerning this invention explained above is equipped 
with the positive electrode possessing the positive-electrode layer containing the composite particle and active 
material particle containing an active material particle, electric conduction material, and resin, and the charge 
collector with which said positive-electrode layer is supported. Maintaining a high positive-electrode 
consistency, it can enlarge the opening in a positive-electrode layer, and such a positive electrode can make 
liquefied nonaqueous electrolyte (nonaqueous electrolyte) permeate a positive electrode promptly. Moreover, 
since said composite particle contains resin, the reaction rate of the dope of a lithium ion and a dedope tends to 
become inadequate, but the positive electrode concerning this invention has the high osmosis rate of 
nonaqueous electrolyte, and the active material particle which does not constitute the composite particle can be 
contained, and since this active material particle shows quick reactivity, it can compensate the fall of the 
reaction rate of the dope of the lithium ion of said composite particle, and a dedope, and can obtain a high 
reaction rate. Furthermore, since it can make electronic conduction nature high since the positive electrode 
concerning this invention can improve the touch area of the active material particles containing a composite 
particle, and it can make the touch area of a positive-electrode layer and a charge collector increase, it can make 
high adhesion of a positive-electrode layer and a charge collector. Consequently, the nonaqueous electrolyte 
rechargeable battery excellent in the high voltage and the cycle property under high current charge conditions is 
realizable by high capacity. 

[0054] Especially, according to this invention, the charge-and-discharge cycle life under the high voltage in a 
cylindrical shape nonaqueous electrolyte rechargeable battery and high current charge conditions can be 
improved by leaps and bounds. It is guessed that this is what is depended on the mechanism explained below. 
[0055] A cylindrical shape nonaqueous electrolyte rechargeable battery is equipped with the electrode group 
produced by making a separator intervene between them and winding a positive electrode and a negative 
electrode around a curled form, and the liquefied nonaqueous electrolyte (nonaqueous electrolyte) which sinks 
into said electrode group. When the thing of a vesicular structure like an aluminum network as a positive- 
electrode charge collector of such a rechargeable battery is used, in case an eddy coil former electrode group is 
produced, it becomes easy to fracture a positive electrode by the tensile stress which joins an electrode, and 
there is a possibility that it may become impossible to obtain the high manufacture yield. Moreover, in the 
rechargeable battery which uses nonaqueous electrolyte, migration of the electrolytic solution takes place in the 
case of charge and discharge. The positive-electrode charge collector of a vesicular structure tends to fracture an 
eddy coil former electrode group with the stress accompanying migration of this electrolytic solution, and it 
tends to cause the fall of discharge capacity. 

[0056] Since it is such, a nonporous conductive substrate like aluminium foil is used abundantly at the positive- 
electrode charge collector of a cylindrical shape nonaqueous electrolyte rechargeable battery. However, unlike 
the positive electrode using a porosity charge collector, in the positive electrode which made both sides of this 
nonporous charge collector support a positive-electrode layer, the path which penetrates the charge collector of 
a positive electrode with which the electrolytic solution passes a charge collector from one positive-electrode 
layer, and results in the positive-electrode layer of another side further, and permeates does not exist. Therefore, 
it is difficult to supply nonaqueous electrolyte to the positive active material which exists near the positive- 
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electrode current collection body surface in addition to making the electrolytic solution permeate deeply along 
the thickness direction of a positive electrode from a positive-electrode front face. It becomes difficulty to 
supply nonaqueous electrolyte to the positive active material which exists near the positive-electrode current 
collection body surface, so that ****** of a positive-electrode layer is raised for high-capacity-izing of a 
nonaqueous electrolyte rechargeable battery. 

[0057] Like this invention, maintaining high density by using a thing including the both sides of said composite 
particle and active material particle, as a positive-electrode layer supported by said nonporous charge collector, 
the opening of a positive-electrode layer can be enlarged and the electrolytic-solution osmosis rate of a positive 
electrode can be made quick. Furthermore, the reaction rate of the dope of a lithium ion and a dedope, electronic 
conduction nature, and the adhesion of a positive-electrode layer and a charge collector are improvable. 
Consequently, the high voltage of the cylindrical shape nonaqueous electrolyte rechargeable battery using a 
nonporous positive-electrode charge collector and the cycle property under high current charge conditions can 
be improved by leaps and bounds. 

[0058] In the nonaqueous electrolyte rechargeable battery concerning this invention, since the balance of the 
touch area of a positive-electrode layer and a charge collector can be optimized in the nonaqueous electrolyte 
permeability of a positive electrode, and the touch-area list of the active material particles containing a 
composite particle by setting to 3-30 the particle-size ratio computed by B/A when mean particle diameter of 
said active material particle is set to A and mean particle diameter of said composite particle is set to B, a 
charge-and-discharge cycle life can be improved more. 

[0059] In the nonaqueous electrolyte rechargeable battery concerning this invention, since the balance of a 
positive-electrode consistency and nonaqueous electrolyte permeability can be optimized by ****ing 50% pore 
diameter equivalent to 50% of accumulation value in the accumulation pore diameter distribution searched for 
by the method of mercury penetration of said positive-electrode layer within the limits of 0.2-1.5 micrometers, a 
charge-and-discharge cycle life can be improved more. 
[0060] 

[Example] Hereafter, the example of this invention is explained to a detail with reference to a drawing. 
[0061] (Example 1) 

The water-soluble emulsion of PTFE was added [ as opposed to / as 67 weight sections and electric conduction 
material / the mixed powder of the graphite 2 weight section and the acetylene black 1 weight section ] for 
LiCo02 particle whose primary particle size is 3 micrometers as <production of positive electrode> positive 
active material 1% of the weight by solid content conversion as resin for granulation particle formation, pure 
water was added and it mixed so that moisture might occupy 60% of the weight of the whole, and the 
distributed slurry was prepared. The inlet temperature of 250 degrees C, the outlet temperature of 130 degrees 
C, and an atomizer rotational frequency supplied the obtained distributed slurry in 1 minute at the spray dryer 
(OHKAWARA KAKOHKI make) which is 25000, it dried, and the granulation particle was obtained. 
[0062] this granulation particle 70 weight section — receiving — LiCo02 particle with a primary particle size of 
3 micrometers - as the 28.5 weight sections and electric conduction material ~ the graphite 1.0 weight section 
and the acetylene black 0.5 weight section — adding — further — the PVdF3 weight section — mixing — further - 

- N-methyl pyrrolidone (NMP) — adding — a positive electrode — a mixture ~ the slurry was prepared. The 
band-like positive electrode was produced by applying this slurry to both sides of aluminium foil with a 
thickness of 20 micrometers using a coating machine, setting press ** to 5MPa-10MPa with a roll press 
machine, and performing compression molding after desiccation. 

[0063] the meso face pitch based carbon fiber 80 weight section of the product made from PETOKA, Inc. as a 
<production of negative electrode> negative-electrode active material — the graphite powder 20 weight section - 

- adding — further — the PVdF6 weight section — mixing — N-methyl pyrrolidone (NMP) — adding — a negative 
electrode — a mixture — the slurry was prepared. The band-like negative electrode was produced by applying 
the obtained slurry to both sides of copper foil whose thickness is 12 micrometers using a coating machine, and 
performing compression molding with a roll press machine after desiccation. 

[0064] LiPF6 was dissolved in the non-aqueous solvent which consists of 39.7 % of the weight of <preparation 
of nonaqueous electrolyte> ethylene carbonate, and 60.3 % of the weight of ethyl carbonate methyls by the 
concentration of 1 mol/L, and nonaqueous electrolyte was prepared. 

[0065] The laminating of the band-like negative electrode and positive electrode which were produced as 
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mentioned above, and the separator with which thickness consists of a fine porosity polyethylene film which is 
25 micrometers was carried out to order, and the swirl type electrode object was produced by carrying out 
multilayer winding. This swirl type electrode object was contained with the iron cell can with which nickel 
plating was performed in the condition of having arranged the electric insulating plate to those vertical both 
sides. Subsequently, the positive-electrode lead which consists of aluminum was drawn from the positive- 
electrode charge collector, and it connected with the cell lid through the safety device equipped with the PTC 
component as a current interrupting device. Moreover, the negative-electrode lead which consists of nickel was 
drawn from the negative-electrode charge collector, and it welded to the cell can. 

[0066] After having pulled, continuing and pouring in said electrolytic solution into a cell can, by arranging a 
cell lid through a gasket in a cell can, and carrying out caulking inmiobilization of the cell lid at a cell can, it has 
the structure shown in drawing 1 mentioned above, and the diameter manufactured the cylindrical nonaqueous 
electrolyte rechargeable battery whose geometric capacity height is 1600mAh(s) in 65mm by 18mm. 
[0067] (Example 2) The cylindrical nonaqueous electrolyte rechargeable battery was manufactured like the 
example 1 except making into 2 % of the weight PTFE which is resin for forming a granulation particle by solid 
content conversion. 

[0068] (Example 3) The cylindrical nonaqueous electrolyte rechargeable battery was manufactured like the 
example 1 except making into 0.5 % of the weight PTFE which is resin for forming a granulation particle by 
solid content conversion. 

[0069] (Example 4) The cylindrical nonaqueous electrolyte rechargeable battery was manufactured like the 
example 1 except raising the atomizer rotational frequency of a spray dryer at the time of forming the 
granulation particle of a positive electrode to 30000 rotations in 1 minute. 

[0070] (Example 5) The cylindrical nonaqueous electrolyte rechargeable battery was manufactured like the 
example 1 except lowering the atomizer rotational frequency of a spray dryer at the time of forming the 
granulation particle of a positive electrode to 20000 rotations in 1 minute. 

[0071] (Example 6) The cylindrical nonaqueous electrolyte rechargeable battery was manufactured like the 
example 1 except changing the roll press conditions at the time of rolling so that a positive-electrode 
consistency may rise 5%. 

[0072] (Example 7) The cylindrical nonaqueous electrolyte rechargeable battery was manufactured like the 
example 1 except changing the roll press conditions at the time of rolling so that a positive-electrode 
consistency may rise 10%. 

[0073] (Example 8) While raising the atomizer rotational frequency of a spray dryer at the time of forming the 
granulation particle of a positive electrode to 30000 rotations in 1 minute, the cylindrical nonaqueous 
electrolyte rechargeable battery was manufactured like the example 1 except changing the roll press conditions 
at the time of rolling so that a positive-electrode consistency may rise 5%. 

[0074] (Example 9) While raising the atomizer rotational frequency of a spray dryer at the time of forming the 
granulation particle of a positive electrode to 30000 rotations in 1 minute, the cylindrical nonaqueous 
electrolyte rechargeable battery was manufactured like the example 1 except changing the roll press conditions 
at the time of rolling so that a positive-electrode consistency may rise 10%. 

[0075] (Example 10) While lowering the atomizer rotational frequency of a spray dryer at the time of forming 
the granulation particle of a positive electrode to 20000 rotations in 1 minute, the cylindrical nonaqueous 
electrolyte rechargeable battery was manufactured like the example 1 except changing the roll press conditions 
at the time of rolling so that a positive-electrode consistency may rise 5%. 

[0076] (Example 11) While lowering the atomizer rotational frequency of a spray dryer at the time of forming 
the granulation particle of a positive electrode to 20000 rotations in 1 minute, the cylindrical nonaqueous 
electrolyte rechargeable battery was manufactured like the example 1 except changing the roll press conditions 
at the time of rolling so that a positive-electrode consistency may rise 10%. 

[0077] (Example 1 of a comparison) Except using only the same granulation particle as the example 1 having 
explained as positive active material, the cylindrical nonaqueous electrolyte rechargeable battery was 
manufactured like the example 1 mentioned above. 

[0078] (Example 2 of a comparison) Except using only LiCo02 particle with a primary particle size of 3 
micrometers as positive active material, the cylindrical nonaqueous electrolyte rechargeable battery was 
manufactured like the example 1 mentioned above. 
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[0079] 1) About the positive electrode (positive electrode of the condition before being included in an electrode 
group) of the check example 1 of the fine structure of a positive electrode, and the example 2 of a comparison, 
the front face is observed by one 1000 times the scale factor of this with a scanning electron microscope, the 
result about an example 1 is shown in drawing 3 R> 3, and the result about the example 2 of a comparison is 
shown in drawing 4 . 

[0080] Moreover, about the cylindrical shape nonaqueous electrolyte rechargeable battery of the acquired 
examples 1-11 and the examples 1-2 of a comparison, after the charge electrical potential difference performed 
4.20V by 320niA and the charging current performed charge at 20 degrees C for 8 hours, it was left for seven 
days at 20 degrees C. Then, it discharged to 3.00V by 800mA of discharge currents. Subsequently, it is 500 
cycle ********** about the charge and discharge which discharge by discharge current 1600mAh and 
termination electrical-potential-difference 3.00V after charging in charge electrical -potential-difference 4.20V, 
charging current 1600mAh, and charging-time 3 hours and leaving it for 10 minutes at 20 degrees C. 
[0081] Then, after having decomposed in the glove compartment which carried out argon enclosure of each cell, 
taking out the positive electrode and sticking adhesive tape on the part of the arbitration of a positive-electrode 
layer front face, it was removed and the positive-electrode layer adhering to a tape was observed with the 
scanning electron microscope. The scanning electron microscope photograph (one 760 times the scale factor of 
this) about the positive electrode of an example 1 is shown in drawing 5 . 

[0082] By this scanning electron microscope observation, it was able to check that the granulation particle to 
which an active material particle and electric conduction material become the positive electrode of the 
rechargeable battery of an example 1 from what was combined with resin existed so that clearly from drawing 3 
and drawing 5 . Moreover, it turns out that said granulation particle does not exist in the positive electrode of 
the rechargeable battery of the example 2 of a comparison so that clearly from drawing 4 . 
[0083] Moreover, ten visual fields of fine structures about the part of the arbitration of the positive electrode of 
examples 1-11 were observed by one 500 times the scale factor of this with the scanning electron microscope, 
and the particle size of the checked granulation shape of particle and the particle size of the primary particle 
(active material particle) accepted in a surrounding powder structure object were measured from the obtained 
microphotography. The diameter of measurement was taken as the diameter of Feret. About the primary particle 
(active material particle), 20-30 particle measurement was carried out per each visual field, and measurement of 
particle size sandwiched the particle image of each visual field with two parallel lines, and was performed by 
measuring the spacing. On the other hand, about the granulation particle, it considered as one particle per each 
visual field, and while inserting the particle image in a photograph with two parallel lines and measuring the 
spacing, said particle image was inserted with two parallel lines which intersect perpendicularly with said 
parallel lines, the spacing was measured, and the particle size of two directions was measured. The average A of 
the diameter of a primary particle and the average B of granulation gestalt particle diameter were calculated for 
every visual field, and particle-size ratio B/A was computed. It considers as particle-size ratio B/A which 
averages this particle-size ratio B/A by ten visual fields, and calculates it, and that result is shown in the 
following table 1. 

[0084] Furthermore, it is after a roll press and the open pore was measured [ positive electrode / of examples 1- 
11 and the examples 1-2 of a comparison ] about the thing before being included in an electrode group using the 
mercury porosimeter (in CARNOERB A firm make, a part number is the CARNOERB A porosimeter 2000). 
First, the positive electrode was cut to 2cmxlcm, the obtained sample was supplied to the two-sheet each glass 
cell, and vacuum impregnation of the mercury was carried out. Oil pressure was applied to this mercury, the 
amount of mercury which invaded into the pore of a sample was computed from the pressure by the principle 
formula of Washburn, and open pore distribution of a positive electrode was searched for. Measuring range of a 
pore diameter was set to 1x10 to 9 m to 1x10 to 4 m. Thus, 50% pore diameter equivalent to 50% accumulation 
value in the acquired accumulation pore diameter distribution is shown in the following table 1. 
[0085] 2) About the cylindrical shape nonaqueous electrolyte rechargeable battery of evaluation and the 
examples 1-11 of the cell engine performance, and the examples 1-2 of a comparison, after the charge electrical 
potential difference performed 4.20V by 320mA and the charging current performed charge at 20 degrees C for 
8 hours, it was left for seven days at 20 degrees C. Then, it discharged to 3.00V by 800mA of discharge 
currents, and cycle life test shown below was performed. 

[0086] In the temperature of 20 degrees C, by 4.20V, the charging current repeated the cycle which discharges 
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on condition that termination electrical-potential-difference 3V by 1600niA of discharge currents after 
performing charge by 1600mA for 3 hours, and measured the discharge capacity of a two-cycle eye and a 100 
cycle eye, and the charge electrical potential difference computed the ratio of the discharge capacity of the 100 
cycle eye to the discharge capacity of a two-cycle eye as a capacity maintenance factor (%). The obtained result 
is shown in Table 2. 
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[0088] 

[Table 2] 
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[0089] The rechargeable battery of the examples 1-11 equipped with the positive electrode containing the 
granulation particle (composite particle) which an active material particle and electric conduction material 
become from what was combined with resin, and an active material particle is understood that the capacity 
maintenance factor after 100 cycles is high compared with the rechargeable battery of the examples 1-2 of a 
comparison so that clearly from Table 1 and 2. moreover, the rechargeable battery of the example 1 of a 
comparison equipped only with a granulation particle as positive active material — both capacity and a capacity 
maintenance factor - although — it turns out that it is inferior compared with examples 1-11. Moreover, in the 
positive electrode of examples 1-1 1, it checked being maintained also after the gestalt of a granulation particle 
performs charge and discharge. 

[0090] In addition, although the example applied to the cylindrical shape nonaqueous electrolyte rechargeable 
battery was explained in the example mentioned above After this invention intervenes and winds a separator 
between a positive electrode and a negative electrode at a curled form, The square shape nonaqueous electrolyte 
rechargeable battery of the structure where the electrode group and nonaqueous electrolyte which were 
fabricated in the flat configuration with a press were contained in the closed-end rectangle tubed metal 
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container, The electrode group and nonaqueous electrolyte with which a coin mold nonaqueous electrolyte 
rechargeable battery, the carbon button mold nonaqueous electrolyte rechargeable battery, the positive 
electrode, the negative electrode, and the separator are united can apply to the thin nonaqueous electrolyte 
rechargeable battery contained by the sheathing material made from a sheet (for example, laminate film) 
containing a resin layer. 
[0091] 

[Effect of the Invention] According to this invention, the positive electrode and nonaqueous electrolyte 
rechargeable battery discharge capacity, the high voltage, and whose cycle property under high current charge 
conditions improved can be offered. 
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-So 

[0 0 3 6] 
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imMm\zj:K)m^itv. n^titzmm^^u-y hmz 
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[0 0 3 9] 3) m^-mmm 

iEmtm?sM(Dm\zmm^n. ^^•Dmi.^mMM 

[0 0 4 0] mm^TimMnm^tsmmmt. 

pj:r\zwmr^:mxim-^n^o s-r. ji^uv 
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iif^mmwm^iEmBi.nmm.(Dmzi^^-i^Tmm 
m^vmr^, ^<D^^\zm5mmyi^^n^^ 
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(PVC) , 3j?'J7i7UI/-h (PMMA) 
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)^Co ^<D^v ScS«eS8 0 0mAT3. 0 0 VSl?^ 
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3i? SSSEl 6 0 OmAh, ^£«^PBl3NHaT5te«L> 1 Oi)- 
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mm^m m^7 eom) ^^t. 
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[0 0 8 3] ^mi^l 1 OiE@CDffit®®H)f 
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liTfi, =S«»lc:^#2 0~3 0&^a!l3£U lK[il«)a9 



14 



\Zfp:t^ 
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Dv'^C— ^''-2 0 0 0Tf*-5) P^®ail5£* 
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*fc, li5j;?/ifclSf0!ll~2OR1^}^zK 
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2 0 V. ^mdfEdiS 2 OmAT, 8mWeM^fr:>^ 
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0mAT?3. 0 ovstfSSc«u eiLTfc:^t-9-<^;p# 

[0 0 8 6] ia«2 0"C{c:45t.iT. ^Sm«ffi5*4. 2 0 

VT> ^«$fD5n 6 0 OmATf. Sim'^^^n-ofz. 
^> tmmMl 6 0 0mA-ei^jh«E3VO^#Tift« 
^^fr^it-f ^;i/Sl^OigU 2-tJ-'f ir;pst 1 0 0+l->f 

M-r^ 1 0 o-y--f 
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